Abstract: Light emission from Er-doped amorphous silicon nitride coupled to photonic crystal resonators is studied. The results demonstrate Purcell enhanced Er absorption and linewidth narrowing of the cavity resonance with increasing pump power. Er-doped amorphous silicon nitride (Er:SiN x ) is an attractive material for engineering Si-complementary metal-oxidesemiconductor (CMOS) compatible light sources, as it emits at the telecom wavelength of 1.54 µm [1, 2] . The Er emission can be sensitized by the host through a nanosecond-fast energy transfer mechanism from the amorphous nitride matrix (SiN x ), which provides four orders of magnitude larger excitation cross-section than Er in SiO 2 [1, 2]. We study emission from Er:SiN x coupled to photonic crystal (PC) resonators with small mode volumes (V mode ) and high quality (Q)-factors, which leads to an enhanced spontaneous emission rate into the cavity mode through the Purcell effect [3] . We have already demonstrated enhancement of Er photoluminescence (PL) in Si-rich Silicon Nitride (SRN) PC cavities in the presence of Si nanocrystals [4] . Here, we report on the observation of linewidth narrowing with increasing pump power. We also confirm that small V mode cavities are essential for observation of linewidth narrowing by observing the behavior of larger micro-ring resonators with similar Q-factors made in the same material system. (e) Electric field pattern (|E| 2 ) of azimuthal number m = 60 micro-ring mode. (f) Spectrum from the micro-ring cavity at 6 K, and also spectra from the unpatterned film at 6 K and 300 K.
(e) Electric field pattern (|E| 2 ) of azimuthal number m = 60 micro-ring mode. (f) Spectrum from the micro-ring cavity at 6 K, and also spectra from the unpatterned film at 6 K and 300 K.
Er:SiN x is grown on top of a Silicon on Insulator (SOI) wafer by N 2 reactive magnetron co-sputtering [1] . The fabrication of the resonators employs electron beam lithography with ZEP-520A as the resist, etched with a HBr:Cl 2 chemistry, and undercut with a 6:1 buffered oxide etch. Fabricated structures are shown in Fig. 1(a) ,(c). Two dimensional (2D) PC cavities and micro-ring cavities are designed and optimized with three dimensional finite difference time domain (FDTD) simulations. We employ the L3 PC cavity design with optimized cavity Q-factor of Q = 32, 000 a666_1.pdf OSA / CLEO/QELS 2010
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978-1-55752-890-2/10/$26.00 ©2010 IEEE in simulation, and V mode = 0.85(λ/n) 3 for a reference refractive index of n = 3.5. Micro-ring resonators with a radius of 10 µm are also designed with the same hybrid membrane, and the mode near the Er emission wavelength has Q = 15, 000 and V mode = 14(λ/n) 3 , again for n = 3.5. The electric field magnitude profiles (| E| 2 ) at the middle of the membrane for both cavity designs are shown in Fig. 1(b),(d) . In experiment, micro-photoluminescence is performed from normal incidence, with a diode laser exciting the Er resonantly by pumping the I 15/2 → I 11/2 transition of Er at λ = 980 nm. A liquid helium flow cryostat is used to study the samples at varying temperatures from 5 K to room temperature. Spectra of PC and micro-ring resonators are shown in Figure 1(c) and (f) , respectively. Typical Qs of both systems are above 10,000.
The temperature dependence of the cavity resonance wavelength and the Q-factor for the PC cavity are shown in Fig. 2(a) . The data are taken both at low (0.050 mW) pump power and high (30 mW) pump power. The PC cavity Q measured at low pump power decreases dramatically from its room-temperature value as the cavity is cooled to 6 K, but returns to a high value when the cavity is pumped with high power. In addition, the power dependence of the Q-factor is plotted in Fig. 2(b) for a single PC and micro-ring cavity at temperatures of 6 K and 90 K. At 90 K the PC Q-factor maintains its value of 16,000 as the pump power is varied from 0.020 mW to 30 mW, while At 6 K, the Q-factor increases gradually from 9,000 at low pump power to 13,300 at high pump power. This observed increase of the cavity Q corresponds to pumping 31% of the Er ions into excited state (i.e., inverting 31% of Er population). The difference in results at the two temperatures is due to the large increase in the Er homogeneous linewidth with temperature, which degrades the Purcell enhancements of emission and absorption. We attempt the same temperature and pump-power dependence measurements for larger mode volume micro-ring cavities. In this case, the cavity Q remains the same within the error of the measurement for all pump powers for both temperatures. In summary, we have shown a decrease in absorption in an Er:SiN x system by demonstrating an increase in cavity quality factor with pump power in a PC cavity at cryogenic temperatures. We also confirm that the Purcell factor enhances the coupling between Er and cavity mode by measuring weaker enhancements of absorption in large mode volume micro-ring cavities. In the future, we hope to increase the overlap between the cavity mode and the active material through improvements in the design of the slab material. Nevertheless, the demonstrated excitation of 31% of the Er ions is an important step toward realizing a laser or amplifier based on Er:SiN x .
